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Abstract: As the 5G technology is going to be deployed soon, so the 
research on the 5G antennas as a part of communication devices becomes 
an important aspect. One of the important components of the 5G 
communication system is an antenna that is essential for the transmission 
and reception of the 5G signals. The international telecommunication 
union (ITU) has provided different specifications for the 5G 
communication system. The 5G antenna should operate at frequency range 
1 and 2 (FR1 and FR2) specified by the ITU. The proliferation of various 
5G antenna designs is surveyed in this bibliometric paper. The 
bibliometric survey aims to throw light on several types of antenna 
employed in various 5G applications like smartphone, base stations, and 
the IoT based devices that support 5G communications. The Scopus 
database from January 2015 to 14th October 2020 is used to perform this 
bibliometric survey on 5G antennas. This paper also presents various 
future breakthroughs in 5G applications. 
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1. Introduction 
The 4G technology is hindering current communication technology. It cannot meet the 
various demands of mobile users like high data rate, good quality of service (QoS), and 
enhanced spectral efficiency (Zhu et al. 2018). Such an ever-increasing user's demands 
can be satisfied by using 5G technology that also provides evolutionary and 
revolutionary services (Zhu, Liu, and Wen 2019). The 5G technology can unleash new 
opportunities for social benefits. This 5G technology not only supports smartphones but 
also the internet of things (IoT) devices (Shafique et al. 2020). Hence the 5G technology 
has the ability to use information technology in the field of education, health-care, 
industry, agriculture, finance, and many more for ushering a remarkable societal 
transformation. The different 5G applications are smart-phones, wrist-watches, base 
stations, and IoT based devices.  Three usages scenarios of 5G communication are 
explained below (ITU-R 2017): 
 
• Enhanced Mobile Broadband (eMBB): It consists of new applications 
in addition to existing mobile broadband applications for seamless user 
experience. It also supports high user mobility in trains and aircraft. It 
provides high data rates of 2 Gbps and 20 Gbps for outdoor and indoor 
use respectively. 
• Ultra-reliable and Low Latency Communications (uRLLC): It 
provides low latency and low packet loss as a result of this, 5G supports 
various wireless applications such as emergency response, intelligent 
transportation, drones, tactile internet, collaborative robotics, e-Health, 
and public safety. 
• Massive machine type communications (mMTC): It is categorized by 
a large number of IoT based connected devices to provide a very high 
density of connectivity. It provides many applications like smart power 
grids, smart cities, smart farms, etc. 
 
The various requirements of 5G technology are specified by the International 
Telecommunication Union (ITU) as shown in figure 1 (ITU-R 2015)(Huang 
2018)(Hong et al. 2017). The 5G technology should provide low latency of less than 1 
millisecond, an ultra-high data rate of 2 to 20 Gbps, spectrum efficiency up to 9 
bit/s/Hz, connection density of 1 million/km2, and mobility of more than 500 km/h. To 
achieve an enhanced quality of service, beam division multiple access (BDMA) and 
filters bank multicarrier (FBMC) access technologies are used. To recover the received 
signal effectively and in a short duration period, low density parity check (LPDC) 
forward error correction code is used. Out of these specifications, one of the most 
important specifications is frequency bands. The 5G technology should operate at 
various frequency bands which are in the range from 24 GHz to 71 GHz and to achieve 
this important specification, an antenna is required to be designed.         
 
Figure 1. Specifications of 5G technology (Kumar et al. 2020)  
 
After doing intensive an literature study, it is found that there is a proliferation 
of an antenna design for 5G applications.  Several researchers have developed various 
types of antenna like monopole antenna (H. Ullah and Tahir 2019), dipole antenna 
(Esmail et al. 2020), Magneto-Electric Dipole Antenna (Li et al. 2017), loop antenna 
(A. Zhao and Ren 2019), inverted F antenna (IFA) (Liu et al. 2019),  planar inverted F 
antenna (PIFA) (Chattha 2019), fractal (H. Ullah and Tahir 2020) and antipodal Vivaldi 
antenna (Dixit and Kumar 2020b)(Dixit and Kumar 2020c). Moreover, a single antenna 
may not fulfill 5G requirements and hence many researchers have designed antenna 
array (Mao et al. 2019) and multiple input multiple output (MIMO) antenna (Parchin et 
al. 2019). Further, various antenna performance enhancement techniques can be 
deployed in an antenna to improve its performance parameters like gain, efficiency, 
front to back ratio, bandwidth, and radiation pattern (Dixit and Kumar 2020a). In the 
MIMO antenna, as the distance among antennas is less, isolation between two antennas 
is an important issue. This isolation problem can be alleviated by using various isolation 
improvement methods like a metamaterial, decoupling networks, neutralization lines, 
etc. (Nadeem and Choi 2019). In this paper, a bibliometric analysis of this emerging 
new 5G technology is done to elaborate on the amount of work done on the 5G antenna 
as well as the further scope of work.  
 
   The bibliometric analysis means measuring researches in books, universities, 
countries, and journals (Patil and Kumar 2020). This is the first time to perform such a 
bibliometric analysis on the 5G antenna. For this bibliometric study, the authors have 
used the Scopus database available from 2015 to 14th October 2020. Various metrics of 
5G antenna research are elaborated such as number of publications per year, number of 
publications in various reputed journals, document type, and country-wise the amount 
of research done on 5G. This bibliometric study will serve as a pool of knowledge to the 
new researchers on the 5G antenna to understand the amount of research done and the 
scope of research in this 5G antenna field. After the introduction section, the detailed 
bibliometric analysis based on the Scopus database is done. Next network analysis on 
5G antenna is done and then the paper is concluded. The different acronyms used in this 
paper are listed in figure 2. 
  
Figure 2. Summary of Acronyms 
2. Classification of 5G Antennas 
As per the intense bibliometric study, various researchers have designed various types 
of 5G antennas as shown in figure 3. Figure 3(a) shows 5G antenna classification based 
on its structure and figure 3(b) is the 5G antenna classification based on the number of 
input-output ports.  
2.1. Structure Based 5G Antenna Classification  
Depending upon the structure of an antenna 5G antennas are classified as follows: 
• Dipole Antenna: It can be in the form of wire or printed on a substrate 
form that has a length of λ/2 where λ is the wavelength of resonating 
frequency.  The dipole antenna feeding is provided at its center. It is 
easy to design and fabricate but it provides low gain and bandwidth 
(Hussain et al. 2020). 
• Monopole Antenna: It is also available in the form of wire or printed 
on the substrate and it is of λ/4 length. It is easy to design and 
implement but it gives a poor performance in bad weather conditions (L. 
Zhao, Chen, and Wang 2019). 
• ME Dipole: It consists of vertical magnetic dipole and horizontal 
electric dipole planar antenna elements. It provides a high front to back 
ratio and wide bandwidth but its design is complex (Yin et al. 2019).   
• Loop Antenna: It is in the form of a ring that can be of circular, 
rectangular, or square shape. It enhances the channel capacity but its 
gain is low (Sharawi, Ikram, and Shamim 2017). 
• Antipodal Vivaldi Antenna (AVA): It consists of two metal patches 
that are mirror images of each other and they are present on opposite 
sides of the substrate. It provides wider bandwidth and gain at the cost 
of larger antenna size (Ojaroudiparchin, Shen, and Pedersen 2016).  
• Fractal Antenna: To design this antenna mathematical rule is used for 
repetition of the same structure. Some structures of fractal antennas are 
leaf, hexagon, rectangle, triangle, and star. It alleviates the antenna size 
but the design complexity increases after the third iteration 
(Darimireddy, Reddy, and Prasad 2018). 
 
Figure 3. (a) 5G antenna classification according its structure (Kumar et al. 
2020) 
 




• Inverted F Antenna (IFA): The monopole antenna is bent at one side so 
that there will be two arms one should be of a longer size and the other 
arm should be of smaller size. Further, feeding is provided to the long 
arm and parallel to the smaller bent arm. This structure results in inverted 
F and hence the name is inverted F antenna (IFA). As the feeding is 
provided at the intermediate point, there is good impedance matching but 
it provides low gain (Deng et al. 2017). 
• Planar Inverted F Antenna (PIFA): It is a multilayer antenna. At the 
top it has a radiator, the middle layer is air and at the bottom, it has a 
ground layer. It is a compact antenna because it requires only λ/4 space 
but it provides less gain (Chattha 2019). 
 
2.2. Input/ Output Port Based 5G Antenna Classification: 
Another way to classify a 5G antenna is based on the number of input/ output 
ports as shown in figure 3(b) which is explained below: 
• Single Input Single Output (SISO): This is the simplest type of 5G 
antenna in which feeding is provided at one point and only one signal is 
transmitted or received at a time. Such an antenna can be divided into 
single elements and multi-element i.e. array antenna. The SISO antennas 
are suitable for IoT based devices for 5G applications. As the array 
antenna provides higher gain and stable radiation pattern, it is more 
preferable as compared to a single patch antenna (Tiwari and Rama Rao 
2017). 
• Multiple Input Multiple Outputs (MIMO): As the name 
suggests it consists of more than one feeding port and copies of the same 
single are transmitted or received. As multiple copies of the same signal 
are received at the receiver, the received signal can be reconstructed 
effectively which in turn improves the quality of services (Wani, 
Abegaonkar, and Koul 2018). Moreover, many researchers have 
designed wideband and multiband MIMO antennas for 5G applications. 
Both of these wideband and multiband MIMO antennas are further 
classified into a multi-element antenna with or without metal rim. The 
metal rim antenna provides mechanical strength to the device (Kurvinen 
et al. 2019). The daunting task in MIMO design is to reduce the 
interactions among antenna elements and it is called mutual coupling. 
Several techniques have been proposed in the literature to reduce this 
mutual coupling (Nadeem and Choi 2019). 
 
3. Bibliometric Analysis of 5G Antennas 
This section explains briefly various bibliometric analyses done on antennas for 5G 
applications. The required database is taken from Scopus for the duration of 2015 to 
14th October 2020. The main aim of this study is to understand the amount of work 




Figure 4. Number of documents published per year 
 
The increasing curve of figure 4 depicts the gravitational pull of 5G antenna i.e. 
5G applications. It is the graph of the number of publications on 5G antenna per year. 
The research on the 5G antenna is started with 19 publications in 2015 after announcing 
the specifications of 5G communication by ITU. Hence, we have done this bibliometric 
analysis in the period of 2015 to 14th October 2020 and it is found that 1198 documents 
are published in Scopus. The highest numbers of documents with a count of 441 are 
published in 2019 and still, rigorous research is going on 5G antenna in 2020. 
 
Figure 5. Distribution of 5G antenna documents by its type 
 
Figure 5 shows the distribution of 5G antenna documents by its type. According 
to this figure, 62.4\% are conference papers and 34.6\% are research articles. Only 1\% 
of review papers are published on the 5G antenna. Hence, this paper will be very useful 
for the new researchers on the 5G antenna to throw light on research gaps in the area of 
5G antenna designs.    
Figure 6 is the bar chart of documents published by top universities in the field 
of 5G antennas and the corresponding table is shown in table 1. It shows that University 
Teknologi Malaysia is the leading university in 5G antenna designs. As per the database 
of Scopus, 160 universities from all over the world have given their valuable 
contribution to the research area of the 5G antenna. 
The number of documents published per year in the top five journals is shown in 
figure 7. Out of these journals, the IEEE access journal is at the top since 2018 (more 
than ten research papers per year). Moderate numbers of documents are published in 
IEEE transactions on antennas and propagation as well as a microwave and optical 
technology letters. Further, a few numbers types of research have used IEEE MTTS 
international microwave symposium digest and IEEE antennas and wireless propagation 
letters for their research article publication. 
 
 
Figure 6. Bar chart of number of documents published by top ten 
universities 
 
Next, the map of the world depicting the number of publications on 5G antenna 
in various countries is shown in figure 8. This map is created by using Google sheets. 
The faint green color indicates the fewer number of publications and the dark green 
color indicates more number of publications. This figure proves that the highest 
numbers of documents are published by China followed by India.         
 
Table 1.  Number of documents published by top ten universities 
Sr. No. University Name No. of Papers Published 
1 University Teknologi Malaysia 51 
2 University of Electronic Science and Technology of China 30 
3 Xidian University 25 
4 Concordia University 21 
5 National University of Sciences and Technology Pakistan 21 
6 Southeast University, Nanjing 18 
7 Ericsson Sweden 16 
8 CNRS Centre National de la Recherche Scientifique 15 
9 Queen Mary University of London 14 





Figure 7. Number of documents published per year by various journals 
 
 
Figure 8. Country wise details of research done on 5G antenna 
 
Figure 9. The bar chart of research contribution by top ten authors 
 
The contribution of the top ten authors in the area of 5G antenna design is 
summarized in figure 9 and table 2. A total of 159 researchers have worked on antenna 
design for 5G applications. Out of these, Jamaluddin, M.H. has published a maximum 
number of documents which are 27 documents followed by Kamarudin, M.R. with a 
count of 24 documents.   
 
Table 2.  Details of number of documents published by top ten authors 
Sr. No. Author Name No. of Documents Published 
1 Jamaluddin, M.H. 27 
2 Kamarudin, M.R. 24 
3 Parchin, N.O. 11 
4 Ali, I. 9 
5 Gaya, A. 9 
6 Koul, S.K. 9 
7 Liu, H. 9 
8 Sebak, A.R. 9 
9 Tahir, F.A. 9 




Figure 10. Distribution of documents by subject area 
 
The percentage-wise distribution of 5G antenna documents in various subject 
areas is shown in figure 10 that depicts 5G antenna design mainly comes under 
engineering and computer science subject areas as they cover 30.6% and 28.2% of all 
subjects respectively. Physics and astronomy subject contributes 19.6% while material 
science includes 9.5% of research work on 5G antenna. Other subject areas merely are 
involved in the 5G antenna designs. 
Further, a cluster of document titles and their corresponding year is depicted in 
figure 11. This cluster figure is drawn with the help of the NodeXL tool in which the 
publication year and publication title are represented by nodes. The density of the 
cluster represents the number of publications in the corresponding year. This figure 
represents that more research on 5G antenna is done in 2019 followed by the 2018 year.   
 
 
Figure 11. Cluster of publication year and article titles 
 
Figure 12. Network visualization depicting the inter linkage of indexed     
keywords 
The VOSviewer tool is used to obtain figure 12 which represents the network 
map containing interconnections between keywords and source titles. The circles in the 
network represent various keywords of the source titles. The size of the circle represents 
the number of occurrences of that keyword in the source title for example; the circle 
representing the 5G mobile communication system is of the largest size as it has the 
highest count of a repetition. Next, the distance between two keywords is directly 
proportional to the association between those keywords. As shown in figure 13, 
bandwidth and antenna phased arrays are more closely related to the 5G mobile 
communication system. Hence, these figures are very useful to understand the important 
keywords of the 5G antenna and their relations. 
 
 
Figure 13. Network visualization depicting the inter linkage of 5G mobile 
communication system keyword with other 
keywords 
 
Figure 14 provides the details of the top five documents that are highly cited in 
the field of 5G antenna. All documents are from IEEE and IEEE Transactions on 
Antennas and Propagation journal is the leading source for 5G antenna design. Out of 
these five documents, three documents are research articles, one is a conference paper, 
and another is a magazine. A research article of Hong et al. is at the top and cited by 
146 times followed by a research article of Sadhu et al. which is cited by 145 times. The 
research article of Hong et al. elaborates overview and experimental set up of 5G 
antenna for a smartphone application. 
 
 
Figure 14. Details of top five highly cited documents  
 
4. Future Breakthroughs 
5G technology is the panacea of the increasing demand for higher data rates with 
a faster and secure network. The use of ultra-small cells can make 5G networks more 
flexible. The deployment of 5G technologies in smartphones will make it possible to 
use various advanced facilities like smart cities, smart agriculture, health care, etc. at 
anytime and anywhere. The future breakthroughs of 5G antennas are explained with the 
help of the following applications: 
• Smartphones: The multiband MIMO antenna is the best antenna for 
5G smartphones but it is a daunting task to design such antenna in a 
compact space. Many researchers have suggested using monopole, 
IFA, and PIFA because of their compactness and they are easy to 
integrate into smartphones (R. Ullah 2019)(Chen 2019). 
• Base station: 5G Base station should use massive MIMO antennas 
which is a group of antennas working together to enhance the 
throughput and spectrum efficiency. The massive MIMO also 
increases channel capacity and reduces the latency. These antennas 
also offer beamforming which means that the direction of maximum 
antenna directivity can be changed to send the signals to the intended 
user only (Zhang et al. 2020).  
• 5G - IoT: The 5G technology supports millions on IoT based 
devices. This also supports faster device to device (D2D) 
communication. This important application will bring revolutionary 
and evolutionary changes in the various social sectors. Some 
important applications are automated industry controls, smart cities, 
public safety, e-health, smart farm, etc. As 5G technology provides 
very low latency, remote control operations are also possible. 
Additionally, IoT with artificial intelligence (AI) and cognitive radio 
will play a vital role in 5G technology (Kaur, Kumar, and Baliyan 
2018) (Shevada et al. 2020)(Raut et al. 2020). 
 
5. Conclusion 
This bibliometric study is carried out to enlighten the amount of work done on 
the 5G antenna and its corresponding future scope. It provides the details of publication 
counts in various journals, countries, subject areas, and documents per year. 
Importantly, the analysis done on the number of publications per year indicates that still 
there is lots of scope in the area of 5G antenna design. The authors have also elaborated 
on network analysis on keywords to explain the linkage between different keywords. It 
will serve as guidelines to new researchers to refer to the research work of various 
authors according to their number of publications or citation count. Also, this 
bibliometric survey makes it easy to find the journals with abundant details of the 5G 
antenna and to target the journals for work publications. Moreover, it is proved from the 
bibliometric analysis that China is leading in 5G antenna designs followed by India. The 
future breakthroughs illustrate the importance and need of research in 5G antenna area. 
This bibliometric survey is very useful for new upcoming researchers to find the 
research gap in the field of 5G antenna design. 
 
References: 
Chattha, Hassan Tariq. 2019. “4-Port 2-Element MIMO Antenna for 5G Portable 
Applications.” IEEE Access 7: 96516–20. 
Chen, Yi-ting. 2019. “An UWB Inverted F Antenna with Coupled Feeding for 5G 
Smartphone.” 2019 Cross Strait Quad-Regional Radio Science and Wireless 
Technology Conference (CSQRWC): 1–2. 
Darimireddy, Naresh K, R Ramana Reddy, and A Mallikarjuna Prasad. 2018. “A 
Miniaturized Hexagonal-Triangular Fractal Antenna for Wide-Band Applications.” 
IEEE Antennas and Propagation Magazine: 104–10. 
Deng, Jingya et al. 2017. “A Dual-Band Inverted-F MIMO Antenna With Enhanced 
Isolation for WLAN Applications.” IEEE Antennas and Wireless Propagation 
Letters 16: 2270–73. 
Dixit, Amruta S., and Sumit Kumar. 2020a. “A Survey of Performance Enhancement 
Techniques of Antipodal Vivaldi Antenna.” IEEE Access 8: 45774–96. 
Dixit, Amruta S, and Sumit Kumar. 2020b. “A Miniaturized Antipodal Vivaldi Antenna 
for 5G Communication Applications.” In 7th International Conference on Signal 
Processing and Integrated Networks (SPIN), Noida, 800–803. 
Dixit, Amruta S, and Sumit Kumar. 2020c. “The Enhanced Gain and Cost-Effective 
Antipodal Vivaldi Antenna for 5G Communication Applications.” Microwave and 
Optical Technology Letters: 1–10. 
Esmail, Bashar A. F. et al. 2020. “Reconfigurable Metamaterial Structure for 5G Beam 
Tilting Antenna Applications.” Waves in Random and Complex Media: 1–14. 
https://doi.org/17455030.2020.1720933. 
Hong, Wei et al. 2017. “Multibeam Antenna Technologies for 5G Wireless 
Communications.” IEEE Transactions on Antennas and Propagation 65(12): 
6231–49. 
Huang, Huan Chu. 2018. “Overview of Antenna Designs and Considerations in 5G 
Cellular Phones.” 2018 IEEE International Workshop on Antenna Technology, 
iWAT2018 - Proceedings: 1–4. 
Hussain, Sajjad et al. 2020. “Design and Fabrication of Wideband Dual-Polarized 
Dipole Array for 5G Wireless Systems.” IEEE Access 8: 65155–63. 
ITU-R. 2015. “IMT Vision - Framework and Overall Objectives of the Future 
Development of IMT for 2020 and Beyond.” Recommendation ITU-R M.2083-0: 
1–21. 
ITU-R. 2017. “Guidelines for Evaluation of Radio Interface Technologies for IMT-
2020.” Report ITU-R M.2412-0: 1–144. 
Kaur, Ketanpreet, Shailesh Kumar, and Anupam Baliyan. 2018. “5G: A New Era of 
Wireless Communication.” International Journal of Information Technology: 2–7. 
https://doi.org/10.1007/s41870-018-0197-x. 
Kumar, Sumit et al. 2020. “Fifth Generation Antennas : A Comprehensive Review of 
Design and Performance Enhancement Techniques.” IEEE Access 8: 163568–93. 
Kurvinen, Joni et al. 2019. “Co-Designed Mm-Wave and LTE Handset Antennas.” 
IEEE Transactions on Antennas and Propagation 67(3): 1545–53. 
Li, Zuming et al. 2017. “A Broadband Dual-Polarized Magneto-Electric Dipole 
Antenna for 2G/3G/LTE/WiMAX Applications.” Progress In Electromagnetics 
Research C 73: 127–36. 
Liu, Da Qing et al. 2019. “An Extremely Low-Profile Wideband MIMO Antenna for 
5G Smartphones.” IEEE Transactions on Antennas and Propagation 67(9): 5772–
80. 
Mao, Chun Xu et al. 2019. “Planar Sub-Millimeter-Wave Array Antenna with 
Enhanced Gain and Reduced Sidelobes for 5G Broadcast Applications.” IEEE 
Transactions on Antennas and Propagation 67(1): 160–68. 
Nadeem, Iram, and Dong You Choi. 2019. “Study on Mutual Coupling Reduction 
Technique for MIMO Antennas.” IEEE Access 7: 563–86. 
Ojaroudiparchin, Naser, Ming Shen, and Gert Frolund Pedersen. 2016. “Design of 
Vivaldi Antenna Array with End-Fire Beam Steering Function for 5G Mobile 
Terminals.” 2015 23rd Telecommunications Forum, TELFOR 2015: 587–90. 
Parchin, Naser Ojaroudi et al. 2019. “Eight-Element Dual-Polarized MIMO Slot 
Antenna System for 5G Smartphone Applications.” IEEE Access 7: 15612–22. 
Patil, Rutuja Rajendra, and Sumit Kumar. 2020. “A Bibliometric Survey on the 
Diagnosis of Plant Leaf Diseases Using Artificial Intelligence DigitalCommons @ 
University of Nebraska - Lincoln A Bibliometric Survey on the Diagnosis of Plant 
Leaf Diseases Using Artificial Intelligence Rutuja Rajendra Patil.” (February). 
Shafique, Kinza et al. 2020. “Internet of Things ( IoT ) for Next-Generation Smart 
Systems : A Review of Current Challenges , Future Trends and Prospects for 
Emerging 5G-IoT Scenarios.” IEEE Access 8: 23022–40. 
Sharawi, Mohammad S, Muhammad Ikram, and Atif Shamim. 2017. “A Two 
Concentric Slot Loop Based Connected Array MIMO Antenna System for 4G / 5G 
Terminals.” IEEE Transactions on Antennas and Propagation 65(12): 6679–86. 
Tiwari, Nishesh, and T. Rama Rao. 2017. “Substrate Integrated Waveguide Based High 
Gain Planar Antipodal Linear Tapered Slot Antenna with Dielectric Loading for 60 
GHz Communications.” Wireless Pers Commun 97(1): 1385–1400. 
Ullah, Hidayat, and Farooq Tahir. 2020. “A Novel Snowflake Fractal Antenna for Dual-
Beam Applications in 28 GHz Band.” IEEE Access 8: 19873–79. 
Ullah, Hidayat, and Farooq A. Tahir. 2019. “Broadband Planar Antenna Array for 
Future 5G Communication Standards.” IET Microwaves, Antennas and 
Propagation 13(15): 2661–68. 
Ullah, Rizwan. 2019. “A Four-Port Multiple Input Multiple Output ( MIMO ) Antenna 
for Future 5G Smartphone Applications.” 2019 International Conference on 
Electrical, Communication, and Computer Engineering (ICECCE) (July): 1–5. 
Wani, Zamir, Mahesh Pandurang Abegaonkar, and Shiban Kishen Koul. 2018. “A 28-
Ghz Antenna for 5G Mimo Applications.” Progress In Electromagnetics Research 
Letters 78(July): 73–79. 
Yin, Jiexi et al. 2019. “Broadband Endfire Magnetoelectric Dipole Antenna Array 
Using SICL Feeding Network for 5G Millimeter-Wave Applications.” IEEE 
Transactions on Antennas and Propagation 67(7): 4895–4900. 
Zhang, Jiayi et al. 2020. “Prospective Multiple Antenna Technologies for Beyond 5G.” 
IEEE Journal on Selected Areas in Commun: 1–24. 
Zhao, Anping, and Zhouyou Ren. 2019. “Wideband MIMO Antenna Systems Based on 
Coupled-Loop Antenna for 5G N77/N78/N79 Applications in Mobile Terminals.” 
IEEE Access 7: 93761–71. 
Zhao, Lei, Zhao Min Chen, and Jun Wang. 2019. “A Wideband Dual-Polarized 
Omnidirectional Antenna for 5G/WLAN.” IEEE Access 7: 14266–72. 
Zhu, Shuangshuang, Haiwen Liu, Zhijiao Chen, and Pin Wen. 2018. “A Compact Gain-
Enhanced Vivaldi Antenna Array with Suppressed Mutual Coupling for 5G 
Mmwave Application.” IEEE Antennas Wireless Propag. Lett. 17(5): 776–79. 
Zhu, Shuangshuang, Haiwen Liu, and Pin Wen. 2019. “A New Method for Achieving 
Miniaturization and Gain Enhancement of Vivaldi Antenna Array Based on 
Anisotropic Metasurface.” IEEE Trans. Antennas Propag 67(3): 1952–56. 
Shevada L., Raut H.D., Malekar R., Kumar S. 2021. "Comparative Study of Different 
Beamforming Techniques for 5G: A Review."  In: Ranganathan G., Chen J., 
Rocha Á. (eds) Inventive Communication and Computational Technologies. 
Lecture Notes in Networks and Systems, vol 145. Springer, Singapore.  
Raut H.D., Shevada L., Malekar R., Kumar S. (2021) High Gain Wideband Antennas 
for 5G Applications: A Review. In: Ranganathan G., Chen J., Rocha Á. (eds) 
Inventive Communication and Computational Technologies. Lecture Notes in 
Networks and Systems, vol 145. Springer, Singapore.  
 
 
 
 
